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The stability of double-stranded DNA in Chinese Hamster Ovary 
(CHO) cells was studied in order to determine the effects of free 
radicals on DNA strand scission in vitro. Cells were exposed for 30 
minutes to oxyradicals generated by xanthine-xanthine oxidase systems 
at pH 7.4 and 37°C in Dulbecco's phosphate buffered saline (PBS). 
Stability of double-stranded DNA was gauged by using the assay system 
of Birnboimand Jevcak (1981) modified to give maximum sensitivity for 
the CHO cell system. Xanthine oxidase used was initially purified 
by gel -filtration to remove contaminating proteases and subsequently 
standardized by the activity measurement of Hart, et_ al_., (1970). 
The effect of rate of radical generation on DNA stability was 
studied in systems containing a final concentration of xanthine of 
4.20 mM and xanthine oxidase at 0.1, 0.25, or 0.5 units/ml. The 
controls (treated with PBS only) gave a mean double-stranded DNA 
recovery of 74.26% +_ 2.09 (1SD). Increasing rates of radical gen¬ 
eration caused by increasing concentrations of xanthine oxidase 
were associated with decreasing recoveries of double stranded DNA. 
All experimental groups (xanthine-xanthine oxidase) were signifi¬ 
cantly different from the buffer control at p value <0.001. 
In the presence of the antioxidants dimethylthiourea and manni¬ 
tol the level of recoverable double-stranded DNA was increased above 
that attained when the CHO cells were exposed to the xanthine-xanthine 
oxidase system only. The radical scavengers superoxide dismutase 
and catalase had similar effects on the recovery of double stranded 
DNA. 
The results of this study indicate that free radicals induced in 
vitro by enzyme-substrate interaction reduce the percentage of recover¬ 
able double stranded DNA. Increasing rates of radical generation 
does not raise the amount of scission of DNA after a certain point, 
since increased radical production leads to a constant level of DNA 
damage at certain points instead of a continued rise. 
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This research is concerned with the xanthine-xanthine oxidase 
free radical generating system and the method by which this system 
through the generation of the hydroxyl radical (*0H), may affect the 
DNA of Chinese hamster ovary cells i_n vitro. Beuchamp and Fridovich 
(1970) used the xanthine-xanthine oxidase system to generate hydroxyl 
radicals and their method has been used by others. Cohen and Hekkila 
(1974) have generated hydroxyl radicals (•OH) using the method of 
Beauchamp and Fridovich (1970). When they incorporate Beta-methyl- 
thiopropionoaldehyde in this system, ethylene was formed presumably 
through the interaction of the hydroxyl radical with Beta-methyl- 
thioprionaldehyde. During the oxidation of xanthine by xanthine 
oxidase, the superoxide anion (02“) is formed. Secondarily, hydrogen 
peroxide and hydroxyl radical arise. McCord (1974) has referred to 
the hydroxyl radical as a powerful oxidizing agent, this phenomenon 
causes the hydroxyl radical to be highly toxic in biological systems. 
Kong and Davison (1980) have reported that the interaction of oxygen 
(02), hydrogen peroxide (H202), hydroxyl radical (*0H) and the super¬ 
oxide anion may produce a species more potent than either alone in 
causing increased permeability in resealed erythrocyte ghosts. 
Free radicals contain one or more unpaired electrons and are 
positively charged, negatively charged or neutral. Free radicals have 
been implicated in mutagenesis, carcinogenesis, and aging, and the 
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radicals generated by the xanthine-xanthine oxidase system may be 
included in this group. Specifically, the free radicals produced by 
the xanthine-xanthine oxidase system have been implicated in tissue 
and chromosomal damage as well as in aging. Pederson and Aust 
(1973) have reported that xanthine oxidase could cause lipid per¬ 
oxidation. Fong, et a]_., (1973) have noted the attack of radicals 
generated from xanthine-xanthine oxidase interactions on lipids of 
lysosomal membranes. Kellog and Fridovich (1975) followed up on this 
research by studying the peroxidation of linolenate (a natural occur- 
ing fatty acid); singlet oxygen and hydroxyl radicals both contributed 
to its peroxidation. Kellog and Fridovich (1977) also have reported 
that the hydroxyl radical would cause hemolysis in human erythrocytes. 
By using spin-trapping techniques Rosen and Rauckman (1981) have found 
evidence for the formation of the hydroxyl radical during the NADPH 
stimulated peroxidation of rat hepatic microsomes. Gutteridge, et al., 
(1981) report similar findings. The superoxide anion also has proven 
to be toxic. Rosen and Klebanoff (1980) report that a superoxide 
anion-generating system consisting of acetaldehyde plus xanthine 
oxidase was found to be toxic to Staphylococcus aureus. 
Weitberg, et_ al_., (1983) have shown that superoxide anions, 
hydrogen peroxide and hydroxyl radicals may damage DNA. They reported 
that human phagocytes that are activated to produce oxygen radicals 
also produce cytogenetic damage in cultured mammalian cells (CHO). 
Using the sister-chromatid exchange assay they demonstrated a con- 
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centration dependent increase in SCE's for various concentrations of 
phorbol myristate acetate stimulated leukocytes. Phorbol myristate 
acetate alone did not cause a reproducible increase in sister chro¬ 
matid exchanges. 
These findings have significant implications for all respiring 
cells because both O2" and appear to be normal products of the 
biological reduction of oxygen. However, superoxide dismutases which 
catalytically scavenge O2- (superoxide anion) and catalases and 
peroxidases which eliminate H2O2 provide a primary defense against 
this oxygen toxicity. McCord (1974) has reported that superoxide 
dismutase and catalase protect synovial fluid against degradation. 
This study sought to determine the effects of free radicals 
on the double-stranded DNA of Chinese hamster ovary cells. Spectro- 
photometric and fluorometric analysis was used to determine the 
effects of free radicals on double stranded DNA. Antioxidants and 
radical scavengers were used in this study to determine if the 
deleterious effects on the DNA of CHO cells could be negated. 
CHAPTER II 
REVIEW OF LITERATURE 
Historically, since the development of the Atomic Bomb there 
has been a vast interest in the chemistry and biology of ionizing 
radiation. Because of this fact facilities were built to explore 
the phenomenon of radiolysis and the radiation chemistry of aqueous 
solutions. One aspect of the work was the characterization of the 
superoxide radical (t^-) as the major stable radical product of the 
radiolysis of oxygenated water by Czapski (1971). In 1968 McCord 
and Fridovich showed that 02“ could be produced during an enzymatic 
oxidation reaction using milk xanthine oxidase. Knowles, et al., 
(1969) used electron-spin-resonance spectroscopy to verify that 
xanthine oxidase produced O2- while catalyzing the oxidation of its 
substrates. McCord and Fridovich (1969) isolated superoxide dis- 
mutase, the enzyme which catalytically scavenges for (C^-) superoxide 
anion, as a function of erythrocuprein. Consequently, there was 
increased interest in pursuing research to determine the biological 
implications of these phenomenon. 
Free radicals are chemical species which contain one or more 
unpaired electrons. They may be positively charged, negatively 
charged or neutral. Free radicals are generated in a number of 
ways such as photolysis, radiation, one-electron transfer from metal 
ions (Haber-Weiss), ozone reaction with alkanes and by enzymatic 
4 
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processes. It is known that free radical reactions occur in the 
normal physiologic functions of the cell and also in some patho¬ 
logical conditions. 
This research is concerned with a specific type of radical 
namely the oxyradical, which contains oxygen as its main component. 
The main investigative system was the xanthine-xanthine oxidase 
free radical generating system and the method by which this system 
may affect the DNA of Chinese hamster ovary cells j_n vitro. The 
oxidation of xanthine by xanthine oxidase was used as a model to 
generate hydroxyl radicals (OH*) by Beauchamp and Fridovich (1970). 
In their research, ethylene was produced by methional (Beta-methyl 
thiopropionaldehyde) when incubated under aerobic conditions in 
the presence of milk xanthine oxidase and xanthine. The production 
of ethylene could be inhibited by superoxide dismutase or catalase 
which indicated that the superoxide anion radical and hydrogen 
peroxide were both required in the reaction. The results from 
this research implied that xanthine oxidase generates 02* and H2O2 
as primary products of oxygen reduction. The hydroxyl radical (-OH) 
is then generated as a secondary reaction due to the interaction of 
Û2* with H2O2. It was concluded that the hydroxyl radical rather 
than the superoxide anion radical reacts with methional to generate 
ethylene. Cohen and Heikkila (1974) have generated the hydroxyl 
radical using methods similar to Beauchamp and Fridovich (1970), 
however, they expanded the research to include 6-hydroxydopamine 
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6,7-dihydroxytryptamine and dialuric acid. Their results also point 
to the reaction between H202 and 02" (Haber-Weiss) as a major source of 
the hydroxyl radical. 
The hydroxyl radical, according to McCord (1974) is a powerful 
oxidizing agent and because of this is considered to be highly 
toxic in biological systems. The data from this research showed that 
enzymatically generated superoxide radical will very rapidly degrade 
bovine synovial fluid and solutions of purified hylaluronic acid 
prepared from human umbilical cords. There are clear biological 
implications in these findings because deterioration of synovial 
fluid is a symptom which is characteristic of inflammatory types 
of arthritis. 
Halliwell and Gutteridge (1984) state that the chemical basis 
for the xanthine-xanthine oxidase radical generating system comes 
from the realization that various oxidative enzymes produce the 
superoxide free radical (02“) by a one-electron reduction of molecular 
oxygen under physiological conditions. In nature there is an enzyme 
which serves as a protective agent called superoxide dismutase (SOD). 
This superoxide dismutase is responsible for the dismutation of the 
superoxide free radical by the following reaction: 
02- + 02- + 2H
+ > o2 + H2O2 
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The secondary reaction by which the hydroxyl radical is produced is 
as follows: 
Fe++ 
02- + H202  > 02 + OH" + *0H 
These reactions are predicated on the fact that a normal chemical 
bond consists of a pair of electrons that are opposite in spin and 
share a single molecular orbital. A free radical, as previously 
stated, is a molecule containing an odd number of electrons. In 
this sense it may be considered a half bond thereby making it chemi¬ 
cally reactive. When two radicals react both are eliminated, however, 
if a radical reacts with a nonradical, another free radical must be 
formed. Because of this characteristic free radicals are able to 
participate in chain reactions. Radicals may be oxidants or reductants. 
These reactions became known as the "Haber-Weiss cycle" (Haber- 
Weiss, 1934). The reaction involving H02* + H202  > *0H + H20 + 
O2 has been used to explain the fact that catalase (a scavenger of 
H202) and superoxide dismutase (a scavenger of 02“) protect biological 
systems against damage from radicals. Many researchers have investi¬ 
gated this oxygen effect. Pederson and Aust (1973) noted that the 
xanthine-xanthine oxidase system while acting aerobically upon xan¬ 
thine could cause lipid peroxidation. In this research it was deter¬ 
mined that superoxide and singlet oxygen both play a role in lipid 
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peroxidation. Extracted rat liver microsomal lipid was assayed for 
peroxidative oxidation by measuring malonidialdehyde production when 
promoted by milk xanthine oxidase. This reaction was inhibited by 
the superoxide dismutase activity of erythrocuprein and also by 
1,3-diphenylisobenzofuran which reacts with singlet oxygen to yield 
dibenzoylbenzene. 
Misra and Fridovich (1972) in studying the generation of the 
superoxide radical reported the autoxi dation of oxyhemoglobin to 
methemoglobin causes the co-oxidation of epinephine to adrenochrome. 
This co-oxidation was due in part to a hemoglobin-catalyzed per¬ 
oxidation of epinephrine and could be inhibited by catalase. The 
remainder of this co-oxidation of epinephine was inhibited by super¬ 
oxide dismutase, indicating the autoxidation of oxyhemoglobin results 
in the generation of superoxide radicals. The production of the 
hydroxyl radical has been investigated in plasma, lymph and synovial 
fluid by ethylene formation from methional by Winterbourn (1981). 
It was found that without the catalyst (Fe-EDTA) there was little 
hydroxyl radical (*0H) production in any of these body fluids. How¬ 
ever, it appeared that the ascorbate already present in these fluids 
was able to contribute to the hydroxyl radical formation. This has 
raised the question as to whether the Fenton reaction can be used as 
an explanation for tissue damaging reactions. 
Kong and Davison (1980) reported that there is a concensus that 
active oxygen species, such as the superoxide anion radical (02~), 
hydrogen peroxide (H2O2), the hydroxyl radical (*0H), and the singlet 
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oxygen molecule, play a role in the various kinds of cell toxicity. 
In many instances damage done to biological systems entails the 
interactions between more than one damaging free radical and usually 
one of these is an oxygen species. Concerning the interaction of 
free radicals there are two reactions which occur widely in studies 
pertaining to biological damage. They are the interaction between 
H2O2 and O2"" and an interaction between the oxygen itself and the mix¬ 
ture of radicals produced by radiation. The latter interaction has 
been called the "oxygen effect". 
(1 ) *0H + H202  > H20 + H02* 
(2) H02* + H202  > *0H + H20 + 02 
Fong, et_al_., (1973) have reported the oxidation of NADPH by liver 
microsomes in the presence of ADP and Fe3+ produced a factor that had 
the properties of a free radical which caused the lysis of lysosomes. 
It was also demonstrated that the oxidation of xanthine by xanthine 
oxidase in the presence of ADP and Fe3+ produced a radical capable of 
causing lysosomal lysis. It was found that in both these instances 
superoxide dismutase caused an enhancement of this lysis. These 
researchers demonstrated that the superoxide free radical was not 
the agent causing lysis but instead it was the hydroxyl free radical. 
A further series of experiments presented evidence that the free 
radical causing the lysis of the lysosomes is the hydroxyl free 
radical (-OH). This observation was supported in part by the assay 
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which follows the peroxidation of the lysosomal lipids by the 
formation of malondialdehyde. 
Along these same lines Kellogg and Fridovich (1977) noted 
xanthine oxidase, acting on acetaldehyde under aerobic conditions 
will produce a flux of O2 and H2O2 which attacks artificial liposomes 
and washed human erythrocytes. The liposomes were peroxidized and 
the erythrocytes suffered oxidation later followed by lysis. They 
proposed that O2" and H2O2 cooperated in producing (*0H) and O2 (û g) 
which were the causes of the lipid peroxidation and of hemolysis. 
Biological implications of oxyradical reactions are very intri¬ 
guing. The respiratory burst of phagocytic cells, which produce 
oxygen radicals, is implicated in the killing of bacteria, this was 
reported by Babior (1978 a,b). Further studies by Rosen and Kelbanoff 
(1981) have shown an enzymatic system consisting of acetaldehyde 
plus xanthine oxidase to be toxic to Staphylococcus aureus. It was 
also established in this research that the addition of iron salts 
(i.e. EDTA) is necessary. Up to this point Fe-EDTA had been an 
unrecognized requirement. However, it was shown that dialysis of 
xanthine oxidase to remove EDTA abolished the bactericidal ability of 
the system. It was restored by the addition of 2 x 10~5 M EDTA. 
Patients with iron overload often may have abnormally low 
contents of ascorbic acid in their blood and tissues according to 
(Nienhuis, 1981). It is of interest in this research that feeding 
the patients with ascorbate in the absence of desferrioxamine 
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produced deleterious and sometimes lethal consequences. Possibly 
this was due to the increased lipid peroxidation and generation of 
•OH by ascorbate/iron salt mixtures. Nienhuis (1981) concluded 
that simultaneous administration of desferrioxamine should prevent 
this effects. 
The intermediates of oxygen that are reactive have been impli¬ 
cated in a number of biological injuries. These include pathogenic 
states, chemical-induced tissue injury and chemical carcinogenesis. 
Trush, et_ aj_., (1985) have reported that oxidants generated by meta- 
bolically activated phagocytes during inflammation may be implicated 
in the activation of carcinogens. By using phorbol ester-stimulated 
polymorphonuclear leukocytes these reseachers demonstrated an enhanced 
capacity to generate superoxide and hydrogen peroxide. They also 
reported that these oxidants are capable of altering biomolecules. 
This phenomenon was proven by the occurrence of genetic lesions in 
bacteria and mammalian cells elicited by the polymorphonuclear 
leucocytes (PMNs). Trush, et al_., (1985) also provided evidence that 
metabolically activated polymorphonuclear leukocytes responding to an 
oxidant-dependent reaction may also mediate the metabolic activation 
of carcinogenic polycyclic aromatic hydrocarbons (PAH's). This was 
based on the ability of BP, 7,8-dihydrodial to bind covalently to DNA 
and to cause mutagenesis in bacteria. 
It has been reported by various researchers that the reactive 
oxygen species that produce inflammatory lesions may have deleterious 
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effects on biological systems. Babior (1978) states that the reactive 
species originating from inflammatory lesions may kill microorganisms. 
Simon, et al_., (1981) report hydrogen peroxide may be lethal to human 
fibroblasts after they have been exposed to oxygen radicals. Phago¬ 
cytes have been implicated in cancer and mutation as well. Weitzman 
and Stossel (1981) state that human phagocytes may contribute to the 
mutagenic process; McCann and Ames (1977) have reported that there is 
a strong correlation between mutagenesis and carcinogenesis. 
There has been data reported to the effect that human phagocytes 
that are activated to produce oxygen radicals may also produce cyto¬ 
genetic damage. Weitberg (1983), using Chinese hamster ovary cells 
(CHO) from single exponentially grown cultures incubated with leuko¬ 
cytes stimulated with phorbol myristate acetate, showed a concentra¬ 
tion-dependent increase in sister-chromatid exchanges. This was a 
very thorough and exhaustive study which also examined the ability of 
neutrophils and mononuclear phagocytes from patients with chronic 
granulomatous disease to generate oxygen metabolites and cause sister 
chromatid exchanges (SCE's). The results from the studies using 
chronic granulomatous disease patients indicates an inability to 
generate oxygen metabolities and sister chromatid exchanges. 
Particulate stimulating agents of leukocyte oxidative metabolism 
were also examined by Weitberg (1983). Zymosan particles were incu¬ 
bated with Chinese hamster ovary cells and varying concentrations of 
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leukocytes. In this study it was shown that an increase in sister 
chromatid exchanges was dependent on the concentration of zymosan- 
stimulated leukocytes. Also in this research, an enzyme mediated 
radical generating system was examined in order to determine if 
oxyradicals were able to cause cytogenetic changes. In this study by 
Weitberg (1983), cultured Chinese hamster ovary cells (CHO) were 
exposed to a hypoxanthine-xanthine oxidase radical generating system 
with or without phorbol myristate acetate. It was found that there 
was a significant (<0.0005) increase in sister-chromatid exchanges 
when the enzyme mediated (hypoxanthine-xanthine oxidase) radical 
generating system was used. Phorbol myristate acetate did not have 
any effect on these results. 
Most mammals simply cannot survive in a prolonged exposure to 
an atmosphere of pure oxygen, even at normal pressure. McCord 
and Fridovich (1978) have reported at higher concentrations (five 
atmospheres of O2) death comes quickly and violently. Convulsions 
reflecting acute toxicity to the central nervous system were reported. 
McCord and Fridovich (1978) also state that lower concentrations have 
pin-pointed the lung as the main damage site. This, however, results 
in a much slower death due to dyspnea and hypoxemia which are compli¬ 
cations arising from pulmonary edema. It has been shown by Crapo and 
Tierney (1974) that a tolerance to 100% oxygen occurs when adults 
rats are pre-exposed to 85% oxygen for a period of 5 to 7 days. 
Crapo and McCord (1976) later demonstrated that an increase in oxygen 
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is accompanied by an increase in the amount of superoxide dismutase 
that is present in lung tissues. 
Concerning superoxide dismutase, attempts to protect the lungs 
from oxygen toxicity by the administration of exogenous superoxide 
dismutase (injection or aerosolization) are to no avail, this was 
reported by Crapo, et^ aj_., (1977). Exogenous superoxide dismutase will 
not enter cells. This reiterates the importance of endogenous 
superoxide dismutase because radical attack on the surface of the 
cell creates lethal damage. The extracellular fluids on the cell 
surface which bathes it surface are almost devoid of superoxide 
dismutase; the cytosol contains an abundance of this enzyme. 
Theoretically the direct detection of radical initiators and 
intermediates that are involved in lipid peroxidation are detectable 
by electron paramagnetic resonance (EPR). However, in most cases 
these radical species are so very reactive that they never attain 
steady state levels needed for detection. The method most commonly 
used consists of a spin trap (a compound that forms a stable or 
semistable nitroxide radical by reacting covalently with an unstable 
free radical). The unstable radical is "trapped" as a long-lived 
species that can be observed at room temperature with EPR equipment. 
Rosen and Rauchman (1981) used spin trapping techniques to identify 
radical species formed during the NADPH stimulated peroxidation of 
rat hepatic microsomes. Using the spin trap 3,3-dimethyl-l-pyroline- 
1-oxide, these researchers confirmed the presence of large quantities 
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superoxide radical. Also using the spin traps N-tert-butyl-alpha-4- 
pyridylnitrone-l-oxide (DMPO) and 2-methyl-2-nitroso-l-propanol they 
were able to determine that lipid peroxyradicals are the predominant 
"lipid type" radical found in peroxidizing microsomes under aerobic 
conditions. 
Lai, et^al_., (1982) examined Chinese Hamster Ovary cells' ability 
to uptake O2 and determined the concentration limits imposed at 
various stages in the cell cycle. Using ESR it was found for 
asynchronous Chinese hamster ovary cells, oxygen uptake is 3.8 x 
10? oxygen molecules per cell per sec. This phenomenon appears to 
be enzymatically limited at concentrations > 10 uM. Also it was 
noted that Vmax per unit cell volume changes during the cell cycle 
of Chinese hamster ovary cells. The range covered a minimum in 
mitosis to maxima in both G] and late S phase. 
Many investigators have studied the effects of ultra violet (UV) 
light on DNA. Cleaver (1982) reported evidence that nucleotide 
excision repair of pyrimidines exposed to UV light was inhibited by 
alkylation. Park, et_ a]_., (1981) have reported simi 1 ar findi ngs using 
methyl methanesulfonate. Park, et_al_., (1985) also have given evidence 
that the DNA of Chinese hamster ovary cells (CHO) and human cells may 
be greatly affected when exposed to ultraviolet light and methyl 
methanesulfonate. In this research CHO cells and primary human 
fibroblasts (strain 2498) were grown in Eagle's minimal essential 
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medium with 10% fetal calf serum. These cultures were incubated with 
0.01 Ci/ml [14C] thymidine (spec. act. 56 mCi/mMol for 2-4 days or 
alternatively with 0.1 uCi/ml [^H] thymidine (60 Ci/m mol) for 24 h 
before any further treatment. Afterward the cultures were exposed to 
ultraviolet light (254 nm, 1.3 J/m^/S) methyl methanesulfonate in 
serum-free medium for 30 to 60 min , or ultraviolet light immediately 
after exposure to methyl methanesulfonate. The single-strand break 
frequencies were then determined by either alkaline sucrose gradients 
or alkaline elution. The results from the experiments suggest that 
the number of single-strand breaks produce in DNA after their exposure 
to UV light or to methyl methanesulfonate was additive when cells 
were exposed to both of the agents in succession. 
Many researchers have studied and detected DNA strand breaks 
with great sensitivity by using methods which employ the observation 
that the rate of unwinding of the 2 DNA strands in alkali is related 
to the covalent length of the strands. Anhnstrom and Erixon (1973) 
measured radiation induced strand breakage in DNA from mammalian 
cells using strand separation in alkaline solution. Bradley, et al., 
(1978) measured non-enzymatic DNA strand breaks induced in mammalian 
cells by florescent light. Erickson, et aU, (1975) measured DNA damage 
in unlabeled mammalian cells using alkaline elution and a fluorometric 
DNA assay. Using this method Rydberg (1975) reports as little as 1 
break per chromosome [equivalent to approximately 0.04 gray (1 gray = 
100 rads) of 60co gamma-irradiation] can give a detectable increase in 
the rate of DNA unwinding. 
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Fluorometric analysis of DNA unwinding has been employed as a 
simple and very useful procedure for studying double-stranded DNA. 
Birnboim and Jevcak (1981) used this procedure in order to detect 
initial DNA damage and its repair in human peripheral white blood 
cells following gamma - irradiation. 
Fluorometric analysis of DNA unwinding (FADU) is based on the 
premise that when double-stranded DNA is exposed to moderately alka¬ 
line solutions, hydrogen bonds are broken and the two strands unwind. 
Bradley, et aj_., (1978) state that for relatively small DNA molecules 
(viral) the rate of the strand unwinding is very rapid, 30 sec. or 
less. However, in large DNA molcules such as that which is present 
in mammalian cells, Rydberg (1975) states it may require hours of 
exposure to alkali before complete unwinding is achieved. Morgan and 
Pulleybank (1974) have stated that the flourescent dye, ethidium 
bromide, will bind selectively to double stranded DNA when short 
duplex regions in single-strand DNA molecules are destabilized by 
alkali. Birnboim and Jevcak (1981) used this observation in order to 
develop conditions that would show fluorescence with double-stranded 
DNA with very little interference by RNA, single stranded DNA, or 
other cell components. 
The procedure developed by Birnboim and Jevcak (1981) is centered 
around information gathered from 3 samples of cell suspensions. A 
blank (B) sample in which the flourescence is generated by components 
other than double-stranded DNA (including free dye). This is possible 
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because the cell extract is first sonicated lightly and subsequently 
treated with alkali under conditions which will cause the complete 
unwinding of low-molecular weight double-stranded DNA. A second 
sample designated as the total (T) gives an indication of fluorescence 
due to the presence of double-stranded DNA plus contaminants. This 
is possible because the cell extract is treated with a mercaptoethanol - 
D-glucose solution before treatment with alkai which alters the pH 
to levels that do not promote unwinding. The difference between the 
total (T) and the blank (B) gives an estimation of the amount of 
double stranded DNA in the extracts. A third sample called the 
partial (P) is employed to give an indication of the unwinding rate 
of the DNA. The cell extract in this sample is exposed to increasing 
concentrations of alkali, which are dependent upon a diffusion pro¬ 
cess. This process creates conditions which allow unwinding of only 
the most unstable DNA double strands. The degree of unwinding in the 
partial (P) sample is related to the length of the DNA strands within 
the helix. The difference between the partial and the blank (B) 
sample indicates the amount of double-stranded DNA remaining. Per¬ 
cent D is represented by the equation % D = P-B x 100. Birnboim 
T-B 
and Jevcak (1981) applied this procedure of fluorometric analysis of 
DNA unwinding to human peripheral white blood cells (WBC) and the 
rate of unwinding of DNA from unirradiated and irradiated (1 gray of 
60Co gamma-rays) cells was examined. It was shown that the rates of 
unwinding for irradiated cells were faster than that for control 
(unirradiated) cells. An indication of the sensitivity of the method 
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was also given by Birboim and Jevcak (1981) in a dose response curve 
for irradiated whole blood which they reported. In this curve a dose 
as low as 0.05 gray was detectable using their procedure. Birboim 
and Jevcak (1981) state that this represents DNA damage equivalent to 
approximately 1 strand break per average human chromosome and approach 
the sensitivity previously attainable only by use of a double-label 
radioisotopic techniques as reported by Rydberg (1975). 
Molecular oxygen is a paradoxical element. In some cases it 
provides biological systems with significant advantages and in others 
it is highly toxic. Cells and tissues are protected in most cases 
from the toxic effects of oxygen by antioxidant mechanisms. An 
example of this occurs in the event of the death of the human body. 
According to Dormandy (1978), quickly after death, the body begins to 
absorb oxygen. As time goes on it absorbs and consumes more oxygen 
than it ever did while the organism was alive. This occurrence re¬ 
presents the autoxidation peroxidation, or free radical oxidation of 
polyunsaturated lipids. Any material which will eventually undergo 
autocatalytic autoxidation generate free radicals from the moment it 
is exposed to the air, however, as long as the supply of antioxidants 
lasts these free radicals are instantly trapped. 
An antioxidant is a substance that opposes oxidation or inhibits 
reactions promoted by oxygen or peroxides. Antioxidants have been 
shown to exert antimutagenic effects and to show function as radical 
scavengers. In in vivo cellular systems many antioxidants exert 
their effects by acting on lipid membranes. The administration of 
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lipid antioxidants has been associated with reduction of conjugated 
dienes and enhancement in lipid-soluble antioxidant activity in 
plasma. A very significant finding concerning antioxidants was 
reported by Packer and Smith (1974). This research provided evidence 
that the antioxidant vitamin E (DL-alpha-tocopherol) increased the 
term proliferation of normal human diploid fibroblasts in culture. 
This result was supported in part by work done earlier by Hayflick 
(1965) who proposed that normal human fibroblast are capable of 50 + 
10 population doublings when grown in an adequate environment. 
Packer and Smith (1974) showed by adding 100 ug of DL-alpha-tocopherol 
(Vitamin E) per ml of medium these human diploid fibroblasts (WI - 
38) were able to achieve up to 100 population doublings. In addition, 
the research evaluated the protective action of DL-alpha-tocopherol 
(Vitamin E) as it relates to oxygen tension and visible light. WI-38 
cells treated with visible light showed decreased numbers of viable 
cells by 90 + 5% compared to unirradiated cells. The addition of 1 
mg of tocopherol per ml of medium showed a decrease in viable cells 
of only 30 + 10%. A 90% inhibition of the division rate was observed 
when cultures were placed in an atmosphere of 40% oxygen, 55% nitrogen 
and 5% carbon dioxide, compared to cultures grown in 95% air and 5% 
carbon dioxide. In an atmosphere of 60% oxygen no cell growth was 
evident. 
Hydrogen peroxide is scavenged by two related classes of enzymes; 
they are catalases and peroxidases. Catalase is a red crystalline 
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enzyme that consists of a protein complex with hematin groups and is 
responsible for catalyzing the decomposition of hydrogen peroxide 
into water and oxygen. Because hydrogen peroxide is an unstable 
compound this decomposition is accomplished very efficiently by 
catalase. 
Catalase is a known scavenger of H2O2 therefore its introduction 
into a radical generating system would cause the removal of this pro¬ 
duct and provide a clearer view of what actually occurs in the xanthine- 
xanthine oxidase radical generating system. 
A peroxide is an oxide containing a high proportion of oxygen 
especially a compound in which oxygen is visualized as being joined 
to oxygen. Peroxidases are specific enzymes which catalyze the 
oxidation of various substances by peroxides. McCord and Fridovich 
(1970) report catalase and peroxidases actually catalyze the divalent 
reduction of H2O2 to 2H2O using H2O2 as the electron donor in the 
case of catalase and a variety of other reductants in the case of 
peroxidases. Catalases and peroxidases are similar in the fact that 
they both contain hematin as the prosthetic group. The biological 
significance of catalases and peroxidases lies in the fact that 
respiring cells produce H2O2 which is toxic. Therefore due to its 
toxicity the cell must not accumulate H2O2, and catalases and peroxi¬ 
dases are responsible for preventing this accumulation of H2O2. Aebi 
and Suter (1972) state that catalases and peroxidases may work inter¬ 
changeably and that specifically a lack of catalase in the cell may 
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be partially compensated by an increase in glutathione peroxidase. 
Aebi and Suter further state that the presence and also levels of 
catalases and peroxidases vary in different mammalian species. 
These researchers further report for example that ducks are normally 
acatalasémie and that duck red cells are compensated for their defici¬ 
ency of catalase by high increases of glutathione and glutathione 
peroxidase. 
Antioxidants are very important in controlling and preventing 
free radical reactions, and are employed in many biological systems 
in various ways. Chipautt (1962) states that depending on the amount 
of ascorbic acid present and the molecular environment an antioxidant 
may act as a reducing agent to abort radical reactions, or it may act 
as an oxidizing agent in order to promote radical reaction. Some of 
the most studied antioxidants in biological systems include the toco- 
pherols, selenium, the thiol containing compounds and exogenous 
chemicals such as diphenylparaphenylene diamine (DPPD), and hydro- 
quinone. These antoxidants provide protection against various patho¬ 
logical free radical reactions. Goldstein, jet al_., (1970) state that 
vitamin E (alpha-tocopherol) may afford protection from ozone. 
Hartman, et_ al_., (1968) state diphenylparaphenylene diamine (DPPD) may 
be significant in protecting hepatic cells from carbon tetrachloride 
(CCI4). The mechanism by which antioxidants exert their effect on 
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free radical varies according to the type reaction in which it is 
involved. Alexander (1963) reports antioxidants in exerting their 
effect may prevent the initial loss of allylic hydrogen from alpha- 
methylene carbons, inhibit the schism (division) of hydroperoxide or 
peroxide bonds, or scavenge the free radicals formed after these 
schisms (divisions). Lyn-Cook and Patterson (1984) have reported 
alpha-tocopherol (vitamin E) produces inhibition of induced chromo¬ 
somal alterations in Chinese hamster ovary cells. Using tempone 
(2,2,6,6-tetramethyl-4-oxo-piperidin-l-oxyl) as a source of free 
radicals Lyn-Cook and Patterson (1984) stated vitamin E reduced the 
abnormalities induced by tempone by 39%. Smalls and Patterson (1982), 
using Chinese hamster lung and Chinese hamster ovary cells, reported 
that vitamin E will also significantly reduce the percentage of 
benzo(a)pyrene (BP) induced chromosome aberrations in vitro. 
CHAPTER III 
MATERIALS AND METHODS 
Chinese hamster ovary (CHO) cells were maintained in modified 
Hams F-10 medium (Gibco Laboratories, Grand Island, N.Y.), plus 10% 
Fetal Bovine Serum (FBS) and 1% penicillin/streptomycin (Gibco Labora¬ 
tories) in a humidified incubator at 37°C. Culture flasks (75 cm^) 
were seeded with 2 x 10^ to 3 x 10^ CHO cells from a single exponenti¬ 
ally growing culture with a doubling time of 12 to 14 hours. 
The flasks were incubated for with 4.20mM xanthine and xanthine 
oxidase for 30 min. at 37°C (7 flasks were used); (1) Control (2) 
Xanthine (3) Xanthine oxidase (.1 unit/ml) (4) xanthine oxidase .5 
unit/ml (5) Xanthine-Xanthine oxidase (.10 units/ml) in PBS (6) 
Xanthine-xanthine oxidase .25 units/ml (7) Xanthine oxidase .50 
units/ml. The supernatant was removed and replaced with PBS and then 
washed 3 times each with 10.0 ml aliquots of PBS. Following treatment 
with 1 ml of trypsin for 2 min, the cells were removed from the flask 
in 10 ml of Hams F-10 growth media containing 10% FBS. 
Cells were then spun at 800 rpm in an IEC centrifuge for 5 
minutes at room temperature. The pellet was washed two times with 
10 ml of Dulbeccos Phosphate Buffered Saline (PBS). The CHO cells 
were then placed on ice and resuspended in 1.3 ml of a solution 
containing 0.25 mM sucrose-10 mM NaP04 -ImM MgCl2 and 1.3 ml of a 
solution containing 9 M urea - 10 mM NaOH - 2.5 mM cyclohexane 
diamine tetraacetate-0.1% SDS. Each preparation (1-7) was then 
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analyzed for DNA strand analysis using samples of DNA in the follow¬ 
ing manner B = Blank, containing only single stranded DNA, T = Total, 
containing only double stranded DNA, P = Partial, containing single 
and double stranded DNA. 
The cells from each treatment condition were suspended in equal 
volumes (1.3 ml) of a solution containing .25M Sucrose - 10 mM NaP04 
- ImM MgCl2 ~ pH 7.2. Then 1.3 ml of 9M Urea - lOmM NaOH - 2.5 mM 
cyclohexane diaminetetraacetate 0.1% SDS was added, mixed and the 
suspension was cooled on ice for 10 min. to allow cell lysis and 
chromatin release. Thereafter 0.4 ml of the cell suspension was 
added to each of 6 tubes for each experimental group as follows: 
tubes 1 and 2 were used for the Blank (B) in which the cell extract 
is treated with alkali under conditions which cause complete unwind¬ 
ing of doubled-stranded DNA. Tubes 3 and 4 were used to measure 
Total (T) recoverable DNA. Conditions used in these tubes did not 
allow alkali promoted DNA unwinding. Tubes 5 and 6, the Partial (P), 
estimated sensitivity of DNA to unwinding by concentrations of NaOH 
which increased during a diffusion process. A 0.4ml aliquot of 1M 
Dextrose - 14mM mercaptoethanol was added to all test tubes labeled 
(T). All samples were kept on ice in relative darkness after dis¬ 
solution of cells in urea media. Prior to addition of NaOH solutions 
disrupted cell suspensions in T-tubes were overlaid with 0.4 ml of 
mercaptaethanol-glucose solution. Thereafter to each tube was added 
A 0.1 ml aliquot of a solution containing 0.45 volumes of 9M urea - 
lOmM NaOH, 2.5 mM cyclohexane diametertra-acetate - 0.1% SDS in 0.17M 
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NaOH followed by a 0.1 ml aliquot of a solution containing 0.40 
volumes of 9M urea - lOmM NaOH -2.5 mM cyclohexanediaminetetraacetate 
- 0.1% SDS in 0.17M NaOH was added. All tubes (1-42) were then 
placed in the dark on ice continuously. The 0.1ml aliquot of a 
solution containing 0.45 volumes of 9M urea-10 mM NaOH - 2.5 mM 
cyclohexanediaminetetraacete 0.1% SDS in 0.17M NaOH and the 0.1ml 
aliquot of a solution containing of 0.40 volumes of 9M urea - 10 mM 
NaOH - 2.5 mM cyclohexane diaminetetraacetate-0.1% SDS in 0.17M NaOH 
were added consecutively, to increase the pH in the system. 
At the conclusion of the incubation a 0.4 ml aliquot of 1M 
Dextrose - 14 mM Mercaptoethanol is then added to P and B tubes 
(this lowers the pH to approximately 11.0 when measured at 23°C). 
Immediately thereafter 1.5 ml of ethidium bromide was added and was 
vortexed to insure that all solutions are homogenous. The flouresence 
of each fraction (T,B,P) is then determined by analysis at 520 nm 
excitation and 590 nm emission. 
Removal of Proteases from Xanthine Oxidase 
Reagents and Supplies 
1. Sephadex G-l50 
2. Amicon Ultrafiltration system with PM-30 membrane 
3. KH2PO4, reagent grade, mol. wt. = 136.09 
4. K0H, reagent grade, mol. wt. = 56.11 
5. Xanthine oxidase, from buttermilk, in 2.3 M (NH^ SO4 suspension 
containing 0.02% sodium salicylate; Sigma Chemical Co., 
cat. no. X-1875, mol. wt. approximately 275,000. 
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Solutions 
1. 25mM KP04, pH = 7.5 
0.8506 g KHPO4 dissolved in approximately 225 ml deionized water, 
titrated to pH = 7.5 with KOH and made to a final volume of 
250 ml. 
Procedure: 
1. Approximately 1 g of Sephadex G-150 in 25 mM KPO4, pH = 7.5 
was swollen for 24 hours or more. It was packed in a 
1 x 20 cm column with the swollen gel beads and equilibrated 
it with 25 mM KPO4, pH = 7.5. During equilibration the buffer 
was run through the column until absorbance of the effluent, 
at 280 nm, was 0.000. 
2. A 0.5 - 1.0 ml alliquot of crude xanthine oxidase was 
diluted 1 to 1 in 25 mM KPÛ4(pH 7.5) containing 0.1% 
bovine serum albumin on the column and elute off the enzyme 
with 25mM KPO4 buffer, pH 7.5 containing 0.1% bovine serum 
albumin. Fractions of 1.0 ml were collected. The position 
of proteins in the eluate was determined by 295 nm absorption 
and position of xanthine oxidase by enzyme analysis of appro¬ 
priate fractions. Fractions with xanthine oxidase activity 
were pooled and the enzyme preparation concentrated to give the 
desired enzyme activity using the Amicon System. 
. The xanthine oxidase was pressure dialysed in an Amicon System 
using a PM-30 membrane and 25 mM KPO4, pH = 7.5. 
3 
THE EXPOSURE OF CHINESE HAMSTER OVARY CELLS TO AN OXYRADICAL SYSTEM 
Chinese Hamster Ovary Cells 
grown to confluence in 
Hams K-1Ü media 
Cells incubated in PbS 
containing Xanthine ana 
Xanthine oxidase 
1 
Uxyradical system removed 




bLANK PARTIAL TOTAL 
<- 
Cells finally suspended 
in isotonic sucrose 
K5 
CO 
Cells analysed for DNA STRAND BREAKAGE 
FLOOROMLTRIC DkTBCTIUN (J DNA SThAND BRLAKd 
BLANK 
.2*1 of cell suspension 
1 
•2ml of ÔM urea solution 
i 
•lml of .45 volumes of 
Urea-Ma CH solution 
i 
.lui of .40 volunes of 
Urea-NaOH solution 
incubate at 0*C for 
10 Bin. 
add .4*1 of IN Dextrose 
-14 BN Nercaptoethanol 
add l.S nl^of Sthidlun 
Brcsilda solution 
rts* vo ex
deternine fluorescence at 
520rai excitation, 590 enlsslon'” 
520nN excitation, 590r» ealselon 
PARTIAL TOTAL 
.2*1 of cell 
suspension 
1 
.2m1 of 9M Ursa 
solution 
•4ml of IM 
Dextroae-l4 mM 
Mo rcaptoe thanol 
i 








Incubate at 0*C 
for 50 nln. 











Assay for Xanthine Oxidase Activity 
The assay for xanthine oxidase activity was based on the proce¬ 
dure of Hart et al. (1970) where: 
Xanthine + O2 > Urate + H2O2 
Reagents 
1. Sodium pyrophosphate; Na4P2Û7 10 H2O, F.W. = 446.06 
2. Xanthine; sodium salt; Sigma X - 0250, F.W. = 174.1 
Xanthine, crystalline; Sigma X -0626, F.W. = 152.1 
3. EDTA, disodium; Na2CigH-|^0gN2,2H20, F.W. = 372.24 
4. Xanthine oxidase; Sigma Chemical Co., Catalogue No. 1875 
Solutions 
1. 0.05 M pyrophosphate, pH = 8.2. Dissolve 2.23 g Na4P2Û7l0 
H2O in approximately 70 ml H2O (deionized). Adjust the pH 
to 8.2 with IM HC1 and dilute to 100 ml. 
2. 4.2 mM Xanthine. Dissolve 7.31 mg Xanthine, sodium salt 
(or 6.39 mg Xanthine base) in 10.0 ml of 0.02 N NaOH. 
3. 0.1 M EDTA pH = 8.2. Dissolve 3.75 g disodium EDTA *2H20 
in 80 ml H2O. Adjust pH to 8.2 with NaOH and dilute 
to 100 ml. 
4. Xanthine oxidase. To assay Sigma X - 1875 a 20 fold 
dilution with PBS stored on ice was convenient. 
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Procedure: 
The assay was carried out at 295 nm in the constant slit made 
(0.1 mm) with the blank (all components present and mixed except 
X.0) set to read zero in the "read-offset" position. 
1.000 ml 0.05 M pyrophosphate buffer, pH = 8.2 
.025 ml 4.20 mM Xanthine 
.010 ml 100 mM EDTA, pH = 8.2 
Mix the above in a cuvette and adjust the Gilford photometer to zero. 
Follow the nonenzymatic reaction at 0.10 - 0.20 full scale absorbance 
and 0.5 - 1.0 cm per min chart speed. 
A 0.025 ml aliquot of xanthine oxidase (20 fold dilution) was added 
(to begin the reaction). (See Fig. 1 for Fluorometric Analysis 
Protocol ). 
Measurement of Superoxide Production by Media Used to Produce O2- In 
the Presence of Chinese Hamster Ovary Cells 
Reagents : 
1. Cytochrome C, from horse heart, type VI, Sigma Chemical Co., 
cat. no. C-7752, mol. act. = 12,384. mM absorption coefficient 
for reduced cytochrome C at 550 nm = 29.5. 
2. Superoxide dismutase, Sigma Chemical Co., cat. no. S-8254, 30,000 
units 19.7 ml, mol. wt. = 31,000 - 32,600; mM absorption co¬ 
efficient = 10.3 0 258 nm (75,000 units, 24 mg Solid, 3200 
units/mg Solid, 3300 units/mg Prot. 
3. Xanthine oxidase, Sigma Chemical Co., cat. no. X- 1875. 
4. Xanthine, Sigma Chemical Co., cat. no X-0125, mol. wt. = 152.1. 
Dulbecco's Phosphate - Buffered Saline. 5. 
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6. Sodium hydrosulfide (NaS2Û4: sodium dithionite), Sigma Chemical 
Co., cat. no. S-1256, mol. wt. = 174.1. 
7. Pentex Bovine Serum Albumin, crystallized, Miles Scientific, 
cat. no. 81-001-3. 
Solutions, Columns, ect. 
1. Sephadex G - 150 Column 
A 1.5 x 28 cm column of Sephadex G-150 was poured into deionized 
water and equilibrated against Dulbecco's phosphate-buffered 
saline. The solution was kept in the refrigerator when not in 
use. 
2. Dulbecco's phosphate - buffered saline containing 1.537 mM Xan¬ 
thine 0.02338 g Xanthine was dissolved in Dulbecco's PBS and 
made to a total volume of 100 ml. It was stored frozen @ 
“20°C if not being used daily. Otherwise stored @ 2-4°. 
3. Ferri cytochrome C in Dulbecco's PBS: 
10 mg of ferricytochrome C was added to 10.0 ml of Dulbecco's 
PBS, and dissolved completely. The absorbance was deter¬ 
mined of 0.5 ml of the final solution diluted with 0.5 ml 
Dulbecco's PBS; a 1.0 cm light path was used and 550 nm wave¬ 
length. Subsequently, 0.05 ml of 0.25M Na2S2Û4 was added to 
10 ml of deionized water, mix and determine the absorbance 
again at 550 nm. From the two absorbances, the concentration 
of ferricytochrome C present was determined: 
(°D 550nm with Na2s2°4 - OD55ontn) ( 1 .05)/29.5 = 
Concentration of Ferricytochrome C x 10“3M 
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The original solution was diluted to prepare ferricytochrome C 
at a concentration of 4 x 10~5M using Dulbecco's PBS. 
4. Xanthine oxidase in Dulbecco's PBS containing 0.1% BSA: 
Xanthine oxidase was prepared by diluting 0.5 ml of Sigma xan¬ 
thine oxidase in 0.5 ml of Dulbecco's PBS containing 0.1 g 
Pentex BSA/100 ml. The final solution was passed through a 1.5 
x 28 cm column of Sephadex G-150 equilibrated with PBS containing 
0.1% BSA. The fractions having significant xanthine oxidase 
activity were collected and combined. The activity of the final 
combined xanthine oxidase was determined and the solution was 
diluted to give a final activity of 3.75 units/ml or 2.5 units/ml. 
Procedure: 
In a 3 ml curvette 0.2 ml of 3.75 units xanthine oxidase or 0.3 ml of 
2.5 units xanthine oxidase was mixed with 1.5 ml of 2 x 10_5M ferri- 
cytochrome C and either 1.0 ml Dulbecco's PBS or 0.9 ml of Dulbecco's 
PBS, respectively. The system was equilibrated in the spectrophotometer 
at 25°C, 0.3 ml of 1.537 mM xanthine was added and the O.D.55Qnm 
was followed. The 02“ generation was calculated on the basis of the 
increase in absorbance using a millimeter absorption coefficient of 
29.5 for reduced ferricytochrome C. Afterwards the quantity of 
superoxide dismutase necessary to completely inhibit the reaction 
was determined. 
Rate of Superoxide Anion Formation in the Presence of .5 units/ml 
of Xanthine oxidase 
Test System Contained: 
1.5 ml of 4.0 x 10~5 Ferricytochrome C 
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0.3 ml of Xanthine oxidase (.5 units/ml) 
1.0 ml of Dulbecco's PBS 
The reaction was begun by adding 0.2 ml of xanthine solution contain¬ 
ing 1.537 mMoles/L, 3.8425 mMoles/L, a 7.685 mMoles/L 
Ferricytochrome C, Xanthine oxidase and Xanthine were all prepared in 
Dulbecco's PBS. 
Preparation of Xanthine: 58.2 mg xanthine was dissolved in 4.2 ml of 
0.0996 M NaOH and then diluted to 50.0 ml with Dulbecco's PBS. This 
gave a solution 1 to 2 and 1 to 5 with Dulbecco's PBS. Following this 
the reaction was carried out at 25°. 
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Fluorometric Analysis 
Chinese Hamster Ovary Cells (in culture, 15 ml Hams F-10) 
I 
Enzyme purified with Sephadex G - 150 
Wash in PBS (10 ml) 2 x  > add fresh media (Hams F-10) 
Expose to radical generating system, according to protocol 
\y 
Harvest cells (pour off media w/radicals, wash in PBS (2x) 
A/ 
Centrifuge cells (in PBS) in IEC centrifuge 800 rpm x 5 min. 
N,  > discard Supernatant 
Wash in PBS (2x), centrifuge cells as above 
Wash in PBS (2x), centrifuge cells as above 
Take cells up in mixture of urea/sucrose solution 
(add sucrose solution first to insure suspension of cells) 
> Prepare and label 
tubes on ice 
Figure 3. Protocol for Fluorometric Analysis 
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Dispense 0.4 ml aliquots of cells to centrifuge tubes, cool on ice 
to 0° (T,B,P) 
Add .4 ml of lm mercaptoethanol to T (total tubes); to P (partial), 
and B (blank) layer over 2 suspensions (1) .45 volumes of urea in 
NaOH (2) .40 volumes of urea in NaOH; blanks are vortexed 
keep tubes in dark entirely, keep cool on ice x 30 min. 
Add .4 ml 1M Dextrose - Mercaptoethanol to P and B tubes, lowering pH 
to 11.0 @ 23° at conclusion of incubation 
N/ 
Add 1.5 ml of Ethidium Bromide Solution to all tubes and vortex 
>1/ 
Read flouresence @ 520 exicitation and 590 nm emission 
v 
Calculate % double stranded DNA in each fraction 
CHAPTER IV 
EXPERIMENTAL RESULTS 
The assay system for measuring DNA strand breakage is based upon 
the ability of NaOH to unwind the double-stranded helix of DNA and the 
fact that the flourescent dye ethidium bromide binds selectively to 
double-stranded DNA. Using this principle, experimental conditions 
were established whereby the percent (%) double stranded DNA recover¬ 
able (detected by fluorometric analysis) could be gauged in compari¬ 
son to to various treatments. Cell suspensions of Chinese hamster 
ovary (CHO) cells were divided equally among 3 pairs of test tubes: 
T = Total which represents fluorescence due to the presence of double- 
stranded DNA plus any contaminants, B = Blank which represents cell 
extract that has been vortexed and then exposed to alkali under 
conditions which completely unwind low-molecular-weight doubled- 
stranded DNA; and P=Partial in which the cell extract has been exposed 
to alkaline conditions which allow partial unwinding of the DNA. 
In the Blank (B) the DNA is completely unwound in the presence of a 
NaOH concentration just sufficient to accomplish this. The total (T) 
is a fraction of the cell extract where the DNA has not been unwound 
because the NaOH concentration has been kept at a level insufficient 
to destabilize the helix. The Partial (P) is exposed to a NaOH 
concentration which gradually increases by diffusion. The difference 
between T-B gives an estimate of the amount of double-stranded DNA in 
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the cell extract, whereas the difference between P-B gives an estimate 
of the double-stranded DNA remaining. Per cent double-stranded DNA 
remaining is represented by the following method; % D = (P-B) x 100; 
r^B) 
under the conditions for the P = Partial the double-helix DNA contain¬ 
ing strand breaks within the helix shows a greater lability to unwind¬ 
ing than does a double-helix of DNA containing no strand breaks. 
Initial studies concerning this research were done to determine 
the susceptically of double-stranded DNA obtained from normal Chinese 
hamster ovary cells to NaOH concentrations in a system designed to 
measure unwinding. The goal was to establish conditions which would 
allow the least amount of unwinding for normal DNA. Various runs of 
the assay (fluorometric analysis) were done changing the NaOH 
concentration each time. Concentrations of 0.10,0.11,0.13,0.17 and 
.20M NaOH were used (Fig. 4). The assay revealed that a 0.17M 
concentration of NaOH gave the maximum amount of double-stranded 
DNA remaining after DNA exposure to NaOH (Fig. 4). The readings 
gathered from these experiments confirm the basic principles of 
the assay. This is evidenced by the difference in the readings of 
the T = Total and B = Blank which showed the T = Total to be signifi¬ 
cantly higher. This occurs because the reagents used were designed 
to give a final pH value which is high enough to destabilize double- 
stranded DNA in the Blank System (to give low B fluoresence values), 
however, this is well below the denaturing pH for double-stranded 
Figure 4. Fluorometric analysis of Chinese hamster ovary cell DNA 
exposed to various concentrations of NaOH indicating the 
% double-stranded DNA recovered at each concentration 
(Arrow represents the maximum amount of double-stranded 
DNA and the concentration at which it was attained, 0.17M 
NaOH). 
CHINESE HAMSTER OVARY CELL DNA HELIX 
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DNA in the T system, and sufficiently high to allow the presence 
of DNA strand breakage to the detected in the P system. The results 
from this series of experiments formed the basis for the further 
research which would test the effects on free radicals on the double- 
stranded DNA of Chinese hamster ovary cells. 
The next step to be taken was to set up experimental conditions 
whereby actual radical effect could be demonstrated. The stability 
of double-stranded DNA in CHO cells was studied on cells grown to 
confluency in Hams F-10 medium supplemented with 10% Fetal Bovine 
Serum (FBS) and 100 ug/ml kanamycin. Cells were exposed for 30 
minutes to oxyradicals generated by xanthine-xanthine oxidase systems 
at pH 7.4 and 37°C in Dulbecco's phosphate buffered saline. The 
stability of the double-stranded DNA was gauged using the fluorometric 
analytic procedure that used 0.17 M NaOH as the unwinding agent. 
Xanthine oxidase used in the experimental groups was gel-filtered 
using Sephadex G-150 to remove contaminating proteases. The enzymatic 
activity of the xanthine oxidase was measured spectrophotometrically. 
Rate of radical generation (superoxide anion) on DNA stability 
was studied in systems containing a final concentration of 4.20 mM 
xanthine and xanthine oxidase at 0.1,0.25, or 0.5 units/ml. Initial 
rates of superoxide anion generated in this system were determined 
spectrophotometrically using Ferricytochrome C as a superoxide anion 
oxidizer. Control groups (treated with Phosphate Buffered Saline 
only) gave a mean double-stranded DNA recovery of 74.26% + 2.09 (1SD) 
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(Fig. 5 and Table 1). Increasing rates of radical generation promoted 
by increasing concentrations of xanthine oxidase were associated with 
decreasing recoveries of double-stranded DNA. All experimental 
groups (xanthine + xanthine oxidase), were significantly different 
from the buffer control at P value <0.001 (Table 1). When the xan¬ 
thine oxidase concentration was raised to 1.0 u/ml the cells were 
damaged cytologically, indicating cytotoxicity. 
In a similar cell system where the concentration of the enzyme 
(xanthine-oxidase) was held at a constant level and the xanthine 
concentration increased there was no appreciable increase in the rate 
of superoxide anion production (Table 2). 
Mannitol and dimethylthiourea (radical scavengers) were added to 
the system used for the cells and the system examined spectrophoto- 
metrically to give an indication of the type reactions which occur in 
cellular systems. A control assay system was done first using PBS. 
The results from this series of experiments indicate a reoxidation of 
the ferricytochrome C in the control. In those systems containing 
mannitol or dimethylthiourea, however, reoxidation of ferricytochrome 
C was delayed and prolonged. This reoxidation is probably due to the 
formation of hydrogen peroxide H2O2 in this system. Evidence for 
this reoxidation is shown by a drop in optical density followed by an 
increase in optical density over time (Figure 6). 
From the evidence indicating the reoxidation reaction it was 
imperative to add catalase to the assay system in order to remove any 
H2O2 being formed. Experiments using the xanthine-xanthine oxidase 
radical generating system and catalase concurrently indicated the 
Figure 5. Fluorometric analysis of Chinese hamster ovary cell DNA 
exposed to the xanthine-xanthine oxidase free radical 
generating system using concentrations of 0.1, 0.25, 0.50 
unit ml (Dotted line represents initial rates of superoxide 
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Table 1. Percent Recovery of Double Stranded DNA of Experimental Cultures Using the Xanthine- 
Xanthine Oxidase Free Radical Generating System 




Xanthine + Xanthine Oxidase 
4.20 mM 0.1 u/ml 0.50u/ml 0.1u/ml 0.25. u/ml 0.5 u/ml 
1 76.92 65.38 69.23 60.93 64.28 38.46 35.71 
2 75.00 62.50 66.66 64.28 56.25 38.46 28.57 
3 71.90 62.50 64.52 67.86 58.06 48.39 37.93 
4 70.59 64.81 66.66 67.74 45.15 38.71 33.53 
5 73.68 63.15 65.00 70.58 62.50 38.88 35.29 
6 75.16 71.42 70.00 69.32 44.13 35.94 28.12 
7 75.48 62.50 70.00 65.03 52.00 41.60 28.57 
8 75.33 72.02 71.42 65.62 55.41 33.33 28.57 
Mean 74.26 65.54 67.94 66.42 54.72 39.22 32.04 
Standard 
deviation +2.09 3.97 2.56 3.09 7.34 4.42 4.01 







 0.1 u X0 
t value 5.49 5.41 5.49 4.80 15.90 21.35 
p value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
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TABLE 2. The Effects of Increased Xanthine Concentration on Superoxide 
Anion Production 
Concentration of Concentration of Superoxide Anion Produced 
Xanthine Xanthine Oxidase (nMoIes/min/ml) 
I.537 mM 0.5 unit/ml 16.3 n Moles O2- min. 
3.842 mM 0.5 unit/ml 18.6 n Moles O2" min. 
7.685 mM 0.5 unit/ml 21.6 n Moles O2- min. 
Figure 6. Spectrophotometric analysis of the effect of mannitol or 
dimethylthiourea on ferricytochrome C reduction by xanthine 
xanthine oxidase. (Arrow indicate reoxidation of ferricyto 
chrome C in the control, mannitol and dimethylthiourea 






























































































continued formation of superoxide anion and reduction of ferricyto- 
chrome C. A control using PBS was performed initially followed by 
experimental assay systems with the addition of mannitol, dimethyl- 
thiourea or FeEDTA in individual cases. All reactions proceeded to 
completion allowing the full reduction of ferricytochrome C ( Fig. 7). 
Superoxide dismutase an (enzyme causing dismutation of the O2" to 
H2O2) and catalase were coupled with the xanthine-xanthine oxidase 
free radical generating system and analyzed spectrophotometrically. 
When concentrations of superoxide dismutase ranging from 0.05 mg - 
0.60 mg SOD were used there was less reduction of ferricytochrome C, 
indicating less formation of the superoxide anion. Only the control 
(PBS only) assay group proceeded to completion in an uninterrupted 
manner. All other groups required greater periods of time for the 
reduction of ferricytochrome C. The 0.30 - 0.60 mg SOD assay groups 
inhibited the reduction of ferricytochrome C, however, the inhibition 
reached a plateau after 2 min. (Fig. 8). 
After analyzing the xanthine-xanthine oxidase free radical sys¬ 
tem spectrophotometrically, fluorometric analysis was performed after 
oxyradical treatment on living cell cultures. Table 3 shows a con¬ 
trol group (PBS only) which was examined initially and the results 
indicated 76.19% recoverable double-stranded DNA. These results were 
consistent with data gained from previous experiments. The xanthine- 
xanthine oxidase system revealed a decrease in the % double-stranded 
DNA recoverable after treatment, (i.e. 30.00%) this was also consistent 
Figure 7. Spectrophotometric analysis of the effect of various agents 
on of ferricytochrome C reduction by a xanthine-xanthine 
oxidase catalase system. (Note the absence of any reoxidation 
of ferricytochrome C due to the presence of catalase which 
removed the H2O2 formed by the system. The reaction proceeded 




INFLUENCE OF VARIOUS AGENTS ON 
FERRICYTOCHROME C REDUCTION BY A 
XANTHINE-XANTHINE OXIDASE CATALASE SYSTEM 
TIME IminJ 
Figure 8. Spectrophotometric analysis of the inhibition of ferricyto- 
chrome C reduction by superoxide dismutase (S00) in a 
xanthine-xanthine oxidase catalase system. (Note the 
progressive inhibition of ferricytochrome C as the concentra¬ 
tion of superoxide dismutase (SOD) is increased). 
INHIBITION OF FERRICYTOCHROME C REDUCTION 
BY SUPEROXIDE DISMUTASE IN A XANTHINE-XANTHINE 
OXIDASE CATALASE SYSTEM 
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Table 3. Fluorometric Analysis of Percent Recoverable Double- 
Stranded DNA Exposed to Xanthine-Xanthine Oxidase 
and Radical Scavengers 
Assay System % Double-Stranded DNA 
Control 76.19 
Xanthine, Xanthine oxidase 30.00 
Xanthine, Xanthine oxidase, SOD 40.00 
Xanthine, Xanthine oxidase, Catalase 74.28 
Xanthine, Xanthine oxidase, SOD, Catalase 65.00 
Xanthine, Xanthine oxidase, Mannitol 70.00 
Xanthine, Xanthine oxidase, Dimethyl thiourea 50.00 
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with previous experiments. Xanthine -xanthine oxidase and SOD yielded 
40.00% recoverable double-stranded DNA, while xanthine-xanthine 
oxidase and catalase yielded 74.28% recoverable double stranded DNA 
which was very near the control value. The xanthine-xanthine oxidase, 
SOD, and catalase group yielded 65.00% recoverable double stranded 
DNA. Xanthine-xanthine oxidase and mannitol resulted in 70.00% 
recoverable double stranded DNA; xanthine-xanthine oxidase and 
dimethylthiourea yielded 50.00% recoverable double-stranded DNA. 
CHAPTER V 
DISCUSSION 
The results from this research indicate that DNA in Chinese 
hamster ovary cells (CHO) is susceptible to damage by oxyradicals 
generated by a xanthine-xanthine oxidase system i_n_ vitro. It was 
observed by comparison with a study by Eanes (Center for for Disease 
Control, Atlanta, GA unpublished) on human white blood cells, that 
there is a difference in the stability of CHO double stranded DNA as 
opposed to the DNA from other species. The results from experiments 
using different concentrations of NaOH from 0.10M to 0.20M indicated 
that 0.17M NaOH gave the maximum amount of double-stranded DNA, 
calculated as % double-stranded DNA recovered, which was approximately 
60%. Results from research done by Eanes (unpublished) indicate in 
white blood cells a 0.20M NaOH concentration gave a 90% recoverable 
double-stranded DNA. This indicates a difference in the stability of 
the DNA helix of CHO cells as opposed to white blood cells. This 
difference may be due to the structure of the two helices. The DNA of 
the CHO cells possibly may show strand length differences or break 
patterns different from white blood cells which increase their alka¬ 
line lability and cause unwinding. 
It was observed in the xanthine-xanthine oxidase concentration 
study that oxyradical damage increased as the concentration of 
xanthine oxidase (enzyme) was increased. These results are in accord 
with findings by Weitberg, et^ aj_., (1983) who demonstrated oxyradical 
damage to cultured mammalian cells using activated human phagocytes. 
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The rate of radical generation was measured spectrophotometric- 
ally as a function of the increase in xanthine oxidase concentration. 
This procedure is a modification of an enzymatic assay for xanthine 
oxidase activity by Hart, et aj_., (1970). It was observed in this 
series of experiments that the initial rate of superoxide anion 
(C^-) production in uMoles/min. was increased as the xanthine oxi¬ 
dase concentration increased. This implies that at higher enzyme 
concentrations more and more radicals are formed per unit time 
initially leading to a greater efficiency in radical production that 
is enzyme concentration dependent. Statistical analysis at P<0.001 
of oxyradical producing experimental groups when compared to the 
control (PBS only) showed significant differences in the % recoveries 
of double-stranded DNA. It is therefore possible that the overall 
efficiency of the enzymatic reaction is very influential in produc¬ 
ing radical damage as well as the radical production per se. 
In enzymatic reactions the enzyme and the substrate both play 
vital roles. In earlier studies McCord and Fridovich (1968) assayed 
for the enzymatic activity alone in investigations of the reduction of 
cytochrome c by milk xanthine oxidase. In order to establish which 
component in the xanthine-xanthine oxidase radical generating was 
most important, a study was done to determine the component which 
influenced the efficiency of the reaction to a greater degree. It 
was observed in this case that the concentration of xanthine did not 
appreciably affect the formation of superoxide anion per unit time. 
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The xanthine-xanthine oxidase free radical generating system was 
characterized as an oxyradical production which was largely depen¬ 
dent on the enzyme concentration (xanthine oxidase). It was noted 
that increasing rates of radical generation did not result in a 
concomitant increase in DNA damage. This observation implies that a 
mechanism exists within the Chinese hamster ovary cell system or the 
oxyradical generating system which gives rise to resistance of DNA to 
higher concentrations of radical generation. This phenonmenon may be 
secondary to changes induced within the cell that reduce the access 
of radicals to DNA or mechanisms within the system that lead to 
radical removal. 
It is known that free radicals may participate in secondary re¬ 
actions. The reduction of ferricytochrome C was used to follow the 
formation of superoxide anion formation spectrophotometrically and to 
provide information as to what is actually occuring in the experimental 
system used to induce DNA damage. Beuchamp and Fridovich (1970) 
proposed pathways showing the secondary reaction between 02* and H2O2 
that result in the production of the hydroyxl (*0H) radical. It was 
observed that in the reduction of ferri cytochrome C mediated by the 
xanthine-xanthine oxidase free radical generating system a reoxidation 
of ferricytochrome C occurred. This was probably due to a secondary 
reaction, occuring after superoxide anion formation (02*)» That 
resulted in the formation of H2O2. It was observed that both mannitol 
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and dimethylthiourea, which are scavengers of the hydroxyl radical, 
delayed the reoxidative (secondary) response. Evidence of this is 
given by the longer rates of reaction involved in the reduction of 
the ferricytochrome C (drop in optical density) and the delay noted 
in ferricytochrome C reoxidation as compared to the control. This 
observation implies that antioxidants/radical scavengers exert a 
suppressing effect on radical producing systems and that this effect 
on radical producing systems varies in degree based on the substances 
used as antioxidants radical scavengers. Specifically for the system 
using xanthine-xanthine oxidase as a radical producing system, the 
results observed show mannitol to suppress radical production and 
dimethylthiourea as even more potent as evidence by the extended time 
of the reoxidation reaction. 
Since it was suspected that H2O2 was being formed in the xan¬ 
thine-xanthine oxidase free radical generating system, experiments 
were designed to verify this possibility. Various agents known to 
be antioxidants (such as mannitol or dimethylthiourea) or hydroxyl 
radical promoters (FeEDTA) were combined in separate instances with a 
xanthine-xanthine oxidase and catalase system and analyzed spectro- 
photometrically in order to determine what effect these agents would 
have on the reduction of ferricytochrome C. Kellog and Fridovich 
(1977) state the role of catalase in biological systems presumably is 
to keep hydrogen peroxide concentrations in such systems very low. 
Hydrogen peroxide (H2O2) is known to be cytotoxic. McCord and 
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Fridovich (1978) state that the role of FeEDTA is of importance in 
free radical reactions due to its implication in the production of 
the hydroxyl radical. The ability of H2O2 to oxidize organic com¬ 
pounds is augmented by the presence of iron salts. If a system is 
capable of generating C^*" it will also produce H2O2 by the dis- 
mutation of the 02*". McCord and Fridovich (1978) also state that 
H2O2 will accumulate in such a system and in turn react with the I^*” 
by the Haber-Weiss (1934) reaction. In this series of experiments a 
rapid initial rate of reduction of ferricytochrome C in the presence 
of catalase, a known hydrogen peroxide degrader, was observed at 
550 nm indicating the formation of the superoxide anion. However, 
the reoxidation (secondary) response was not observed. The formation 
of H2O2 in the system was scavenged by the catalase (0.5 mg) and the 
oxidation of the superoxide anion by ferricytochrome C was permitted 
to proceed without interruption. This observation indicates that 
catalase is a required constituent in the xanthine-xanthine oxidase 
radical generating system for the reduction of ferricytochrome C to 
proceed uninterrupted. Mannitol, dimethylthiourea and FeEDTA in the 
presence of catalase had no influence on the rates of the reaction. 
This phenomenon may be attributed to removal of the H2O2 from the 
system by catalase. Thus the aforementioned assumption that H2O2 is 
formed from a secondary reaction in the xanthine-xanthine oxidase 
free radical generating system is supported. 
Superoxide dismutase is an enzyme found in the brain (cerebrocu- 
prein), liver (hepatocuprein) and blood (hemocuprein). It is detected 
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by its ability to inhibit the modification of ferricytochrome C 
reduction by 02*”. For example, McCord and Fridovich (1969) state 
xanthine oxidase acting on xanthine in the presence of oxygen gener¬ 
ates O2”. The O2” will in turn reduce ferricytochrome C and super¬ 
oxide dismutase inhibits the reduction of ferricytochrome C without 
interfering with the catalytic turnover of xanthine oxidase. Vari¬ 
able factors such as pH, temperature, rate of generation of 
and the ferricytochrome C must be taken into account. In a series of 
experiments ferricytochrome C, acting as an oxidizer of the superoxide 
anion, was used as an indicator of the effect of superoxide dismutase 
(SOD) on superoxide anion formation. Various concentration (0.05 mg 
- 0.60 mg) of SOD were used to determine the quantity necessary to 
prevent superoxide anion detection. It was observed that superoxide 
dismutase was able to inhibit superoxide anion formation and quanti¬ 
ties of SOD from 0.30 mg up to 0.60mg gave total inhibition of the 
reaction. Small quantities of reduced ferricytochrome C were formed 
by the system in the presence of maximum quantities of SOD. Apparently 
this resulted from reduced flavine contaminants present in the xan¬ 
thine oxidase preparation. 
When fluorometric analysis of DNA unwinding (FADU) was ap¬ 
plied to the cell system, with the addition of antioxidants/radical 
scavengers, the adverse effects of oxyradicals were reduced. The 
degree of this effect was dependent upon the antioxidant or radical 
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scavenger employed at the time. Results are consistent with the 
hydroxyl radical being responsible for the most severe damage to the 
DNA helix of CHO cells (Kellog and Fridovich, 1975). Evidence of 
this is seen in the fact that catalase which removes H2O2 (the pre¬ 
cursor for *0H formation) and mannitol (a scavenger of *0H) returned 
the % double-stranded DNA near to the control. The failure of super¬ 
oxide dismutase to competely protect the cells can be explained by 
its ability to produce H2O2 from 0^~ thereby contributing a source of 
hydroxyl radical generation. 
In conclusion, the DNA of Chinese hamster ovary cells is adversely 
affected by oxyradicals. The severity of this adverse affect is de¬ 
pendent on the concentration of the enzyme (xanthine oxidase) rather 
than on the concentration of its substrate (xanthine). The substrate 
(xanthine) does not show any appreciable affect on the rate of radical 
generation even when doubled or increased fivefold in concentration. 
The rate of radical formation (02“) is important to the overall 
efficiency of this system to cause damage to the DNA helix and there 
is a linear correlation between rate of oxyradical (02“) formation 
and damage done to the DNA. Antioxidants and radical scavengers may 
exert a negating affect on this system in varying degrees depending 
on the particular substance and its concentration. The exact mechanism 
used by the CHO cell to protect itself from radical induced damage is 
as yet undetermined, however, a future investigation should explore 
58 
the contribution of a variety of cell components, including the cell 
membrane, before a full and definitive evaluation is made. 
CHAPTER VI 
SUMMARY AND CONCLUSIONS 
1. The objective of this work was to develop a procedure for 
fluorometric analysis of DNA unwinding (FADU) that will allow 
the DNA of Chinese hamster ovary cells (CHO) to be examined 
spectrophotometrically in order to analyze the effect of various 
radical reactions. 
2. Fluorometric analysis indicates that the DNA in living Chinese 
hamster ovary cells is susceptible to damage by oxyradicals. 
3. Fluorometric analysis also indicates that the damage done to the 
DNA in living Chinese hamster ovary cells is dependent upon the 
xanthine oxidase concentration. 
4. Observations indicate that radical scavengers may reduce some of 
the damaging effects of oxyradicals on CHO cells. 
5. Spectrophotometric analysis indicates there is an increase in 
initial rate of radical formation (Û2~) as the concentration 
of enzyme (xanthine oxidase) is increased. 
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